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Aim: Nonalcoholic fatty liver disease (NAFLD), including nonalcoholic steatohepatitis (NASH), 

is known to be associated with type 2 diabetes mellitus (T2DM) in high rate. The improvement 

in hepatic function due to sodium-glucose co-transporter 2 (SGLT2) inhibitors has been reported 

in T2DM patients with and without NAFLD. However, only a few studies have attempted to 

evaluate the role of SGLT2 inhibitors in T2DM patients with biopsy-proven NASH, and no 

detailed prospective studies including the individual hepatic fibrosis stage have been reported. 

Therefore, we investigated the effect of canagliflozin on hepatic function in T2DM patients 

with biopsy-confirmed NASH.

Methods: T2DM patients with NASH (hepatic fibrosis stage 1–3 confirmed via liver biopsy, 

n=10) were enrolled and received canagliflozin (100 mg) once a day for 12 weeks. The primary 

end point was change in serum alanine aminotransferase (ALT) levels from baseline to week 12. 

Secondary end points were liver function/fibrosis markers, metabolic parameters, and safety.

Results: The change in ALT from baseline to week 12 was -23.9 U/L (95% CI –48.1 to 0.3, 

P=0.0526). Significant improvements in several hepatic function/fibrosis markers, such as aspar-

tate aminotransferase, fibrosis-4 index, and FM-fibro index, and metabolic parameters including 

hemoglobin A1c and body weight were found. No serious or liver-related adverse events were 

reported. Regarding individual patients, different trends in ALT-lowering effects between stage 

1 and stage 2/3 subjects were observed; the degree of ALT-lowering effect tended to be greater 

in the stage 1 group than in the stage 2/3 group.

Conclusion: Our results suggest that canagliflozin is effective and well-tolerated in patients 

with T2DM and NASH. Canagliflozin may be useful for the treatment of T2DM patients with 

NASH, especially those in early stages of NASH.

Keywords: canagliflozin, Japanese, NASH, fibrosis stages, SGLT2 inhibitor, type 2 diabetes 

mellitus

Introduction
Nonalcoholic fatty liver disease (NAFLD), including nonalcoholic steatohepatitis 

(NASH), is associated with type 2 diabetes mellitus (T2DM).1–3 In Japan, the preva-

lence of T2DM is ~50% in patients with NAFLD and increases with progression of 

the fibrosis stage; DM is a significant risk factor for advanced fibrosis.4

Advanced NASH increases the risks of cirrhosis and hepatocellular carcinoma.3 

A reduction in serum alanine aminotransferase (ALT) level (≥30% reduction from 

the baseline5 or ≥30% reduction from the baseline and decrease to ≤40 U/L6) was 
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associated with amelioration of liver fibrosis progression in 

NASH patients. Therefore, control of serum ALT via suitable 

interventions is important to prevent NASH progression. 

Although pioglitazone has been shown to improve serum 

ALT levels and histological features in NASH patients with 

insulin resistance, concerns such as body weight gain and 

congestive heart failure exist.7 Therefore, new NASH treat-

ment strategies are needed.

Sodium-glucose co-transporter 2 (SGLT2) inhibitors 

suppress glucose reabsorption in the renal tubules and exert 

antihyperglycemic effects. In addition to glucose lowering, 

SGLT2 inhibitors improve multiple risk factors such as body 

weight and blood pressure.8–10 Because some SGLT2 inhibi-

tors including canagliflozin and empagliflozin have shown 

cardiovascular and renal protective effects in T2DM patients 

with a history or high risk of cardiovascular disease,11,12 they 

are a potential therapeutic option for preventing diabetic 

complications. Improvement in hepatic function due to 

SGLT2 inhibitors has also been reported in T2DM patients 

with and without NAFLD.13–18 We also previously reported 

that treatment of canagliflozin (100 mg) for 12 weeks sig-

nificantly improved ALT levels compared with placebo in 

T2DM patients with ALT >31 U/L.19 However, studies on 

the role of SGLT2 inhibitors in T2DM patients with biopsy-

proven NASH are limited, and no detailed prospective studies 

including individual hepatic fibrosis stage data have been 

reported.16,20,21 Therefore, we performed the pilot study to 

investigate the efficacy and safety of canagliflozin in T2DM 

patients with biopsy-confirmed NASH.

Methods
Study design and patients
A single-arm, exploratory study was performed to investigate 

the efficacy and safety of canagliflozin in T2DM patients 

with NASH. The inclusion criteria were as follows: T2DM 

patients with hemoglobin A1c (HbA1c) ≥6.0% and <10.0%, 

ALT ≥31 U/L, age ≥20 and <75 years, hepatic fibrosis stage 

1–322,23 confirmed via liver biopsies during 1 year prior to the 

start of the study, and daily alcohol consumption of <30 g/

day in males and <20 g/day in females. The exclusion criteria 

were as follows: T1DM, history of class IV heart failure per 

the New York Heart Association functional classification, 

malignancy, platelet count <105/µL, estimated glomerular 

filtration rate <45 mL/min/1.73 m2, and SGLT2 inhibitor 

treatment within 12 weeks prior to the start of the study. 

The severity of hepatic fibrosis stage was scored as: stage 1, 

zone 3 perisinusoidal fibrosis; stage 2, zone 3 perisinusoidal 

fibrosis with portal fibrosis; stage 3, zone 3 perisinusoidal 

fibrosis and portal fibrosis with bridging fibrosis; and stage 

4, cirrhosis.22,23

intervention and outcomes
Canagliflozin (100 mg) was orally administered to patients 

before breakfast for 12 weeks. Visits were scheduled every 

4 weeks during the treatment. The primary end point was 

change in serum ALT levels from baseline. Secondary 

end points included changes from baseline to week 12 in 

aspartate aminotransferase (AST), γ-glutamyl transferase 

(γ-GTP), alkaline phosphatase (ALP), hyaluronic acid, 

type IV collagen 7S, waist circumference, NAFIC score, 

fibrosis-4 index (FIB-4 index), FM-fibro index calculated 

from hyaluronic acid and type IV collagen 7S,24 liver 

stiffness measurement (LSM) and controlled attenuation 

parameter (CAP) measured via transient elastography 

(FibroScan; ECHOSENS, Paris, France), HbA1c, fasting 

plasma glucose, fasting serum insulin, serum C-peptide, 

platelet count, uric acid, total cholesterol, triglyceride, 

high-density lipoprotein cholesterol, low-density lipo-

protein cholesterol, body composition measured using a 

multifrequency impedance body composition analyzer 

(InBody 720; InBody Japan, Tokyo, Japan), and responses 

to the Dutch Eating Behavior Questionnaire (DEBQ) and to 

the 8-Item Short Form Health Survey (SF-8). Exploratory 

end points included changes in other parameters including 

serum glucagon and ferritin. The safety evaluation included 

assessments of adverse events (AEs) described using the 

Medical Dictionary for Regulatory Activities/Japanese 

version 20.1 and laboratory values.

Sample size calculation
We assumed a mean difference of -10 U/L in the change in 

ALT levels from baseline to the end of the treatment period 

with a SD of 15 U/L based on results from a previous study19 

and found that 20 patients were required for a power (paired 

t-test) of 81% at a two-sided significance level of 5%.

Statistical analyses
Data were represented as mean values with SD or 95% CI val-

ues. All changes between baseline and week 12 were analyzed 

using two-tailed paired t-tests. As subsidiary evaluations, we 

also analyzed changes after 4 and 8 weeks. A P-value <0.05 

was considered statistically significant. All statistical analyses 

were performed using the statistical analysis system version 

9.4 (SAS Institute Inc., Cary, NC, USA). Data management 

and statistical analyses were conducted by the EP-CRSU Co. 

Ltd. (Tokyo, Japan).
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ethical considerations
The study was conducted in compliance with the Declara-

tion of Helsinki and the “Ethical guidelines for medical and 

health research involving human subjects”.25 It was approved 

by the institutional review board at Kyoto Prefectural Uni-

versity of Medicine and is registered in the University Hos-

pital Medical Information Network Clinical Trials Registry 

(UMIN000023044). All patients provided written informed 

consent.

Results
Patients
Ten patients (seven males and three females) were enrolled in 

the study and included in efficacy and safety analysis. Patient 

characteristics are shown in Table 1. The mean ± SD of the 

baseline ALT, HbA1c, and body mass index were 99.1 ± 52.6 

U/L, 7.09 ± 0.87%, and 29.09 ± 2.50 kg/m2, respectively; age 

and duration of T2DM were 54.9 ± 12.9 and 4.64 ± 4.38 years, 

respectively. Fibrosis stages included stage 1 (n=5), stage 2 

(n=3), and stage 3 (n=2).

Efficacy
A decreasing trend in ALT levels was observed from week 

4 (Figure 1A), and the mean change in ALT levels from 

baseline to week 12 (primary end point) was -23.9 U/L 

(95% CI -48.1 to 0.3, P=0.0526) (Table 2), correspond-

ing to the percent change of -19.94% (95% CI -40.40 

to 0.53). AST, HbA1c, and body weight decreased from 

week 4 and were significantly reduced at week 12 (Figure 

1B–D) (Table 2).

 The other secondary end points, γ-GTP as a hepatic 

function-related marker, and platelets, type IV collagen 7S, 

the FIB-4 index and the FM-fibro index as hepatic fibrosis 

markers, were significantly changed at week 12. Other 

hepatic fibrosis markers including the NAFIC score and 

LSM/CAP evaluated using transient elastography did not 

change (Table 2).

Changes in body composition were assessed using a mul-

tifrequency impedance body composition analyzer; body fat 

mass was significantly decreased, and no significant changes 

in muscle mass or body water content were seen (Table 2). 

The percentage changes in each component are shown in 

Table S1.

Changes in ALT in each subject are shown in Figure 2; 

different trends in ALT-lowering effects between stage 1 and 

stage 2/3 subjects were observed. Post hoc analysis showed 

that in the stage 1 and stage 2/3 populations, the baseline ALT 

values were 109.6 ± 59.7 and 88.6 ± 49.0 U/L, respectively; 

changes in the ALT values from baseline to week 12 were 

-46.2 U/L (95% CI -84.0 to -8.4) and -1.6 U/L (95% CI 

-26.8 to 23.6), respectively.

Other secondary end points and exploratory end points 

are shown in Table S2. Among them, serum ferritin was 

significantly decreased at week 12. The SF-8 and DEBQ, 

indicators of quality of life and dietary habits, respectively, 

were unchanged due to the treatment (data not shown).

Safety
AEs occurred in five patients; however, no serious or liver-

related AEs were reported (Table S3). The changes in labora-

tory values are shown in Table S4.

Discussion
This study examined the efficacy and safety of canagliflozin 

in T2DM patients with NASH; the treatment showed 

improvement in several hepatic function/fibrosis markers 

and metabolic parameters and was well-tolerated. Cana-

gliflozin decreased ALT levels from baseline (–23.9 U/L); 

however, it was not statistically significant (P=0.0526). 

Table 1 Patient demographics and characteristics

N or mean (SD)

Sex
Male 7
Female 3

age (years) 54.9 (12.9)
Duration of diabetes (years) 4.64 (4.38)
hba1c (%) 7.09 (0.87)
Fasting plasma glucose (mg/dl) 126.9 (29.8)
hOMa-ir 4.10 (1.74)
Body weight (kg) 77.51 (12.07)
BMi (kg/m2) 29.09 (2.50)
alT (U/l) 99.1 (52.6)
aST (U/l) 69.9 (37.8)
γ-gTP (U/l) 73.7 (41.1)

Platelet (×103/μl) 216.9 (67.7)
egFr (ml/min/1.73 m2) 79.1 (16.0)
complications

Diabetic retinopathy 1
hypertension 6
Dyslipidemia 8

concomitant antidiabetic drugs
no 5
Yes 5

Fibrosis stage
Stage 1 5
Stage 2 3
Stage 3 2

Abbreviations: alT, alanine aminotransferase; aST, aspartate aminotransferase; 
BMI, body mass index; eGFR, estimated glomerular filtration rate; γ-gTP, γ-glutamyl 
transpeptidase; hba1c, hemoglobin a1c; hOMa-ir, homeostasis model of 
assessment-insulin resistance.
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This may have been due to a lack of statistical power. 

Canagliflozin significantly improved the hepatic fibrosis 

markers such as the FIB-4 index and the FM-fibro index, 

suggesting the possibility of improving hepatic fibrosis. 

Conversely, NAFIC score, LSM, and CAP did not change; 

improvement in these parameters may not be detected dur-

ing short-term treatments. Improvement in several hepatic 

function/fibrosis markers (ALT, AST, FIB-4 index) was 
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Figure 1 changes in (A) alT, (B) aST, (C) hba1c, and (D) body weight over 12 weeks.
Note: *P<0.05, **P<0.01 vs baseline (paired t-test).
Abbreviations: alT, alanine aminotransferase; aST, aspartate aminotransferase; hba1c, hemoglobin a1c.

Table 2 Effects of canagliflozin on hepatic function/fibrosis markers and metabolic parameters (n=10)

Week 0, 
Mean (SD)

Week 12, 
Mean (SD)

Changes from week 0 Paired t-test 
(P-value)Mean (SD) 95% CI

alT (U/l) 99.1 (52.6) 75.2 (39.7) -23.9 (33.9) (-48.1 to 0.3) 0.0526
aST (U/l) 69.9 (37.8) 52.3 (26.2) -17.6 (19.0) (-31.2 to –4.0) 0.0168

γ-gTP (U/l) 73.7 (41.1) 57.7 (30.3) -16.0 (15.4) (-27.0 to –5.0) 0.0094
Platelet (103/μl) 216.9 (67.7) 240.3 (74.0) 23.4 (21.3) (8.1 to 38.7) 0.0071
Type iV collagen 7S (ng/ml) 5.72 (1.36) 5.13 (1.06) -0.59 (0.64) (-1.05 to –0.13) 0.0176
FiB-4 index 2.077 (1.207) 1.602 (0.981) -0.475 (0.385) (-0.750 to –0.200) 0.0036
FM-fibro index 0.545 (0.133) 0.491 (0.104) -0.054 (0.070) (-0.104 to –0.004) 0.0376
naFic score 2.1 (1.4) 1.9 (1.5) -0.2 (0.8) (-0.8 to 0.4) 0.4433
caP (dB/m) 327.4 (38.2) 321.4 (36.4) -6.0 (56.5) (-46.4 to 34.4) 0.7447
lSM (kPa) 8.85 (4.79) 9.09 (7.39) 0.24 (3.58) (-2.32 to 2.80) 0.8367
hba1c (%) 7.09 (0.87) 6.57 (0.55) -0.52 (0.59) (-0.94 to –0.10) 0.0218
Fasting plasma glucose (mg/dl) 126.90 (29.85) 115.40 (15.31) -11.50 (18.17) (-24.50 to 1.50) 0.0763
Body weight (kg) 77.51 (12.07) 75.42 (12.17) -2.09 (1.87) (-3.43 to –0.75) 0.0064
Body fat mass (kg) 26.25 (4.80) 24.60 (4.93) -1.65 (1.65) (-2.83 to –0.47) 0.0116
Skeletal muscle mass (kg) 28.41 (6.92) 28.21 (7.10) -0.20 (0.57) (-0.61 to 0.21) 0.2972
Total body water (l) 37.76 (8.23) 37.43 (8.42) -0.33 (0.82) (-0.92 to 0.26) 0.2339
BMi (kg/m2) 29.09 (2.50) 28.28 (2.55) -0.81 (0.70) (-1.31 to –0.31) 0.0052
Uric acid (mg/dl) 6.15 (1.27) 5.09 (0.90) -1.06 (0.75) (-1.60 to –0.52) 0.0016

Note: The laboratory reference range of each parameters: alT (male) 10–42 U/l, alT (female) 7–23 U/l, aST (male and female) 13–30 U/l; γ-gTP (male) 13–64 U/l, 
γ-gTP (female) 9–32 U/l.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled attenuation parameter; FIB-4 index, fibrosis-4 
index; γ-gTP, γ-glutamyl transpeptidase; hba1c, hemoglobin a1c; lSM, liver stiffness measurement.
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consistent with previous reports involving SGLT2 inhibi-

tors,20,21 except the FM-fibro index, a new fibrosis marker,24 

with the present study being the first reporting its use in 

drug evaluation. Although accuracy of FM-fibro index for 

diagnosing NASH fibrosis had been evaluated in a pilot26 or 

multicenter studies,27 the drug evaluation data is also impor-

tant for characterization of FM-fibro index as a biomarker 

of NASH. In terms of hepatic fibrosis stage, decrease in 

ALT tended to be greater in the stage 1 group (-46.2 U/L) 

than in the stage 2/3 group (-1.6 U/L), suggesting greater 

improvement in hepatic function in the stage 1 group; this 

may indicate the significance of canagliflozin treatment in 

early-stage NASH patients.

In addition to reduction in ALT, improvement in HbA1c28 

and body weight reduction29 are also important for prevent-

ing NASH progression. Adipose tissue inflammation is also 

associated with NASH progression30; canagliflozin reduced 

fat mass, which may lead to inhibition of inflammatory 

cytokine release from adipocytes.31 The effects of SGLT2 

inhibitors on these factors may contribute to prevention of 

NASH progression.

NAFLD/NASH with diabetes increases the risk of devel-

oping cardiovascular disease and serious hepatic diseases, 

particularly NASH, cirrhosis, and hepatocellular carci-

noma.32,33 Moreover, malignant neoplasia is the leading cause 

of death and liver cancer is the second leading cause of cancer 

death in Japanese DM patients.34 Therefore, interventions 

using SGLT2 inhibitors in T2DM patients with early-stage 

NASH may be important to prevent cardiovascular disease 

and liver cancer.

The limitations of this study were the small sample size, the 

short-term treatment period, and the lack of a control group.

Conclusion
Canagliflozin is effective and well-tolerated in patients with 

T2DM and NASH; canagliflozin may be especially useful 

for those in early stages of NASH. A long-term, large-scale, 

randomized control study is necessary to confirm the benefit 

of SGLT2 inhibitor treatment in patients with T2DM and 

NASH.
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Table S1 Percent change of body composition after canagliflozin 
treatment at week 12 (n=10)

Percent changes from week 
0 (%)

Paired 
t-test 
(P-value)Mean (SD) 95% CI

Body weight –2.70 (2.60) (-4.57 to –0.91) 0.0081
Body fat mass –6.50 (7.20) (-11.70 to –1.38) 0.0186
Skeletal muscle mass –0.90 (2.10) (–2.38 to 0.64) 0.2235
Total body water –1.00 (2.30) (–2.64 to 0.62) 0.1950

Table S2 Effects of canagliflozin on other efficacy end points (n=10)

Week 0, 
Mean (SD)

Week 12, 
Mean (SD)

Changes from week 0 Paired t-test 
(P-value)Mean (SD) 95% CI

Secondary end points
alP (U/l) 251.8 (42.2) 243.7 (54.3) –8.1 (30.8) (–30.1 to 13.9) 0.4274
hyaluronic acid (ng/ml) 76.5 (52.0) 67.1 (46.6) –9.4 (25.4) (–27.6 to 8.8) 0.2725
Fasting serum insulin (μiU/ml) 13.675 (6.759) 14.945 (6.626) 1.270 (6.380) (–3.294 to 5.834) 0.5447
Serum c-peptide (ng/ml) 2.615 (0.581) 2.709 (0.859) 0.094 (0.769) (–0.456 to 0.644) 0.7081
Total cholesterol (mg/dl) 207.9 (31.9) 205.6 (34.4) –2.3 (17.0) (–14.5 to 9.9) 0.6792
hDl cholesterol (mg/dl) 49.6 (13.7) 50.5 (12.0) 0.9 (6.3) (–3.6 to 5.4) 0.6602
lDl cholesterol (mg/dl) 139.0 (33.7) 136.3 (34.3) –2.7 (15.2) (–13.6 to 8.2) 0.5877
Triglyceride (mg/dl) 133.0 (44.6) 145.3 (50.9) 12.3 (42.3) (–18.0 to 42.6) 0.3818
Waist circumference (cm) 98.75 (5.91) 96.85 (5.82) –1.90 (3.96) (–4.74 to 0.94) 0.1639
exploratory end points
Ferritin (ng/ml) 270.75 (243.54) 157.58 (151.90) –113.17 (103.43) (-187.16 to –39.18) 0.0072
glucagon (pg/ml) 200.1 (61.9) 255.3 (127.9) 55.2 (77.0) (0.1 to 110.3) 0.0496

Abbreviations: alP, alkaline phosphatase; hDl, high-density lipoprotein; lDl, low-density lipoprotein.

Table S3 adverse events

n (%)

all adverse events 5 (50.0)
gastrointestinal disorders 1 (10.0)

abdominal discomfort 1 (10.0)
general disorders and administration site conditions 2 (20.0)

Facial pain 1 (10.0)
Oedema 1 (10.0)
Pyrexia 1 (10.0)

renal and urinary disorders 2 (20.0)
haematuria 1 (10.0)
nocturia 1 (10.0)
Pollakiuria 1 (10.0)

reproductive system and breast disorders 1 (10.0)
Pruritus genital 1 (10.0)

Abbreviation: n, number of patients who experienced adverse events.
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Table S4 laboratory variables (n=10)

Week 0 Week 12 Changes from week 0

SBP (mmhg) 141.0 (15.9) 130.8 (6.8) –10.2 (15.7)
DBP (mmhg) 85.8 (17.5) 78.1 (9.0) –7.7 (12.2)
hb (g/dl) 15.13 (1.55) 15.84 (1.19) 0.71 (0.89)
ht (%) 44.98 (4.46) 47.73 (3.35) 2.75 (2.93)
Blood ketone body fraction
acetoacetate (μmol/l) 35.9 (20.5) 41.8 (29.6) 5.9 (27.5)
3-hydroxybutyric acid (μmol/l) 69.9 (50.6) 81.6 (60.2) 11.7 (55.5)
Total ketone bodies (μmol/l) 105.8 (70.5) 123.4 (88.8) 17.6 (81.7)

Note: Data are expressed as mean (SD).
Abbreviations: hb, hemoglobin; ht, hematocrit.
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